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ABSTRACT 
There has been much discussion recently about corn stover as a cellulosic biorefinery 
feedstock. The popular and scientific press in recent years has published many articles about 
corn stover and other potential lignocellulosic crops or crop residues being used as a biomass 
feedstock for next generation biorefineries. In this thesis, the researcher has worked for two 
parts. The first part examines the interests and concerns of supplying corn stover from the 
Iowa farmer’s perspective through an application of an ordinal probit model. The second 
examines the minimum willingness to accept (WTA) a price for corn stover sold in the future 
into a biomass feedstock market. The results of the analysis suggest that farmer interest in 
supplying stover and WTA are somewhat limited and mostly influenced by concern about 
environment, the farmer and farm characteristics, and some marketing concerns.  This thesis 
should be helpful to policy makers, biofuel manufacturers and producers to better understand 
and predict the supply of corn stover biomass  and future price for use in biorefineries 
designed to use cellulosic biomass. 
Key words: corn stover, biofuel, WTA, farmer interest, supply. 
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CHAPTER 1: OVERVIEW 
1.1 Introduction 
1.1.1 Statement of Problem 
Biofuel could be produced from several different kinds of biomass, such as corn (Zea 
mays) stover, switchgrass (Panicum virgatum), and woody biomass. Currently most of the 
renewable biofuel that is produced in the US is ethanol made from corn grain. Around thirty 
million tons of US corn, which amounted to about one-third of America's corn harvest in 
2007, went into ethanol production [1]. The use of corn grain at this level puts pressure on 
domestic and world supplies of corn grain, causes upward price pressure and causes 
additional impacts such as increased feed supply costs for animal agriculture and concern for 
the environment. For example, the average price of a bushel of corn has increased from 
$1.86/bu at the end of 2005 to around $4.50 to $5.00/bu early in 2008 [2]. The futures market 
price for corn was above $6.80/bu since June, 2008 because of the impact on future supply 
due to the major floods in the Midwest.   
The 2006 Energy Bill set a renewable fuels standard (RFS) for 2008 at 5.4 billion 
gallons [3] and the ethanol industry has easily exceeded that level in terms of capacity and 
production. The recently passed 2008 Energy Bill set a new renewable fuels standard for 
2008 at 9.0 billion gallons and for 2022 at 36 billion gallons [4]. To meet this new RFS more 
corn grain and cellulosic feedstocks would be needed for US ethanol (and other biorenewable 
fuels) production. 
Figure 1.1 shows that most of ethanol plants in US are located in the Corn-belt region. 
As of December 2007, the United States had the capacity to produce 7.4 billion gallons of 
ethanol and had plans for an additional 6.1 billion gallons [5]. Corn-based ethanol output has 
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                               Picture Resource: CARD, Iowa State University, 5/6/2008 
                                  Figure1.1. US Ethanol Plants Map 
 
been growing very fast with U.S. ethanol plants producing 6 billion gallons in 2007. 
However, ethanol produced from corn grain only would be insufficient to meet the RFS 
target of 15 billion gallons because of competing uses. Cellulosic biomass feedstocks such as 
corn stover, switchgrass and woody biomass are expected and needed to assure attainment of 
the RFS set by the Congress in the 2008 Energy Bill. 
Corn stover has been recognized broadly as one of the largest, near-term potential 
sources of biomass for the next generation of cellulosic-based biorefineries producing 
petroleum-replacing biofuels such as ethanol and biodiesel [6][7][8]. In 2005, the U.S 
Department of Energy and Department of Agriculture jointly sponsored a study commonly 
referred to as the “billion-ton supply study” to analyze the potential availability of 
agriculture-derived and forestry biomass feedstocks [7]. The results indicated that, under a 
current production scenario involving current crop yields, the potential supply of corn stover, 
which contains a significant amount of lignocellulose in the leaves and stalks, is about 75 
 
 3
million dry tons per year. Under an advanced technology scenario, including a moderate 
increase in corn yield, about 170 – 256 million dry tons per year of corn stover could be 
available. At that use level corn stover has the potential of supplying approximately 12.8 to 
29.8 billion gallons of fuel ethanol for the US.  
Several studies have been conducted on the bioeconomy and specifically on corn stover 
in the past several years. Some studies have focused on harvesting and handling of corn 
stover, whereas others focused on the potential environmental affects of corn stover removal. 
Some research has focused on the costs associated with removing corn stover. Glassner and 
Hettenhaus [8] developed and implemented a corn stover collection project in Harlan, Iowa, 
focusing on the collection, handling, transportation, and storage of corn stover.  They 
concluded that corn stover could be collected, transported and handled using current 
technology. Their study also serves as a model to further the infrastructure development of 
corn stover collection to supply a sustainable energy future in Midwest region. Perlack and 
Turhollow [9] used sensitivity analysis to study the costs for collecting, handling, and 
hauling corn stover. They suggested that stover could be collected, stored, and hauled for 
about $43.10-$51.60/dry ton (includes profit) using conventional baling equipment.  A 
Sheehan et al. [10] study indicated that biofuel production can decrease not only the need for 
fossil fuel, but also  emissions, which would contribute to the improvement of 
greenhouse gases. However, Searchinger et al. [11] show that corn-based ethanol, instead of 
producing a 20% savings, could nearly double greenhouse emissions over 30 years and 
increase greenhouse gases for 167 years. Feng et al. [12] study indicated ethanol's green 
house gas benefits were lower in 2007 than in 2006 because of an increase in continuous corn 
2CO
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in 2007. Thus, there is controversy about the net positive effects on the environment from 
corn grain and/or stover converted to ethanol. 
However, a very important piece is missing from all these studies and that is - exactly 
what are the farmer concerns with respect to selling corn stover to a biorefinery? What 
factors would influence farmer interest to harvest and sell corn stover? What market price of 
corn stover would cause farmers in Iowa and elsewhere to supply stover and what are the 
most important factors that determine the price, which farmers believe they need to receive, 
in order to market corn stover?   
1.1.2 Study Objectives 
In this study we examined Iowa farmer interest in supplying corn stover and their 
management, marketing and environmental concerns associated with removing and selling 
stover. The basic questions being answered are: How likely are Iowa farmers to supply corn 
stover and what are their concerns about doing so? We first explored farmer interest level in 
providing corn stover as a biorefinerey feedstock considering three topical areas: corn stover 
harvesting and management; corn stover marketing, and the possible 
ecological/environmental impacts of the removal of corn stover. Second, through the use of a 
tobit regression model, we examined the relationship between Iowa farmer willingness to 
accept (WTA) a market price for corn stover sold to a future generation cellulosic biorefinery 
and various independent factors. We wanted to be able to predict WTA so as to better 
understand the possible market-clearing price for corn stover and those factors that influence 
the acceptable price. 
1.1.3 Thesis Organization 
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This thesis is organized into three parts: Part 1 is the Introduction to the issues and 
opportunities of supplying corn stover to cellulosic-based biofuel production facilities; Part 2 
presents a paper for submission to Biomass and Bioenergy entitled “Use of corn stover as a 
biofuel feedstock in Iowa: Modeling farmer interest to supply corn stover”; and Part 3 
presents a paper also for submission to Biomass and Bioenergy entitled “Modeling farmer 
willingness to accept a price for corn stover used as a biomass feedstock.”  With all of the 
interest in renewable biofuels and in particular corn stover as a possible biomass feedstock, 
we believe that our study will provide data and important information for farmers, industry, 
and governmental organizations to use in making wise decisions related to biofuel production 
and sustaining the economy, communities and the environment.  
1.2 References 
[1] The Economist – The End of Cheap Food. 2007. 
[2] TFC Commodity Charts: Corn (C, CBOT) Monthly Price chart, 
http://futures.tradingcharts.com/chart/CN/W. 2008. 
[3] Renewable Fuels Standard, Economic Impact of the Energy Independence and Security 
Act of 2005, LECG LLC. 2005. 
[4] Renewable Fuels Standard, Economic Impact of the Energy Independence and Security 
Act of 2007, LECG LLC. 2007. 
[5] Ethanol Production Capacity by Plant, http://www.neo.ne.gov/statshtml/122.htm. 2008. 
[6] Glassner, D., Hettenhaus, J. and T, Schedchinger. Corn stover collection project. Paper 
presented at Bioenergy’98-Expanding Bioenergy Partnerships, Madison, WI. 1998. 
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of a Billion-Ton Annual Supply  DOE/GO-102005-2135, 59p. 2005. 
[8] Glassner, D., Hettenhaus, J. Enzyme hydrolysis of cellulose: Short-term  
commercialization prospects for conversion of lignocellulosics to ethanol. Report to the 
Biofuels Program, National Renewable Energy Laboratory, Golden, CO. 1997  
[9] Perlack, R.D., and A.F. Turhollow. Feedstock cost analysis of corn stover residues for 
further processing. Energy 28:1395–1403. 2003. 
[10] Sheehan, J., A. Aden, K.Paustian, K. Killian, J. Bremer, M. Walsh, and R. Nelson. 
Energy and environmental aspects of using corn stover for fuel ethanol. Journal of Industry 
Ecology, 117-146, 7(3-4). 2003. 
[11] Searchinger, T., R. Heimlich, R.A. Houghton, F. Dong, A. Elobeid, J. Fabiosa, S. 
Tokgoz, D. Hayes, and T.-H. Yu. Use of U.S. croplands for biofuels increases greenhouse 
gases through emissions from land-use change. Science 319 :1238–1240. 2008. 
[12] Feng, H., O.D. Rubin, and B.A. Babcock. “GreenhouseGasImpactsofEthanol 
from Iowa Corn: Life Cycle Analysis versus System-wideAccounting.” CARD 
Working Paper 08-WP 461, Center for Agricultural and Rural Development, Iowa State 
University. 2008. 
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CHAPTER 2: USE OF CORN STOVER AS A BIOFUEL FEEDSTOCK IN IOWA:  
MODELING FARMER INTEREST TO SUPPLY CORN 
A paper to be prepared for submission to Biomass & Bioenergy 
Weiting Lu, John Tyndall, Joe Colletti 
2.1 Abstract 
There has been much discussion recently about corn stover as a cellulosic biorefinery 
feedstock. Most discussions have centered on stover production, energy conversion and 
supply costs.  This paper examines the interests and concerns of supplying corn stover from 
the Iowa farmer’s perspective through an application of an ordinal probit model.  The study 
used contingent valuation and mail survey methods to identify the farmer concerns about 
stover harvest, management, and marketing and possible environmental influences after corn 
stover removal.  The results of this analysis suggest that farmer interest in supplying stover is 
somewhat limited and mostly influenced by the price of corn stover, concern about soil 
erosion, and age of the farmer.  This paper should be helpful to policy makers, biofuel 
manufacturers and producers to better understand and predict the supply of corn stover 
biomass for use in biorefineries designed to use cellulosic biomass. 
Key words: corn stover, biofuel, ordinal probit, farmer interest, supply 
2.2 Introduction 
Annual crops (e.g., corn and soybeans) and crop residues (e.g., corn stover) are expected 
to play an important role in moving the USA away from a hydrocarbon economy to a 
biologically-based economy.  In 2005, the U.S Department of Energy and Department of 
Agriculture jointly sponsored a study commonly referred to as the “billion-ton supply study” 
to analyze the potential availability of agriculture-derived biomass feedstock [1]. The study 
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indicated that under a current production scenario involving current crop yields, the potential 
supply of corn stover, which contains a significant amount of lignocellulose in the leaves and 
stalks, is about 75 million dry tons per year.  With the assumption of a modest yield increase, 
an advanced technology scenario estimates about 170 – 256 million dry ton per year.  As a 
result, corn stover is recognized broadly as one of the largest near-term potential sources of 
biomass for the next generation of cellulosic-based biorefineries [2]. 
Several studies of the bioeconomy in the past several years have focused on corn stover. 
Glassner et al. [2] developed and implemented a corn stover collection project in Harlan, 
Iowa, focusing on the collections, the handling, the transportation, and the storage of corn 
stover. This study showed that the operation of corn stover collection is feasible using current 
technology. And they suggested that the cost for every dry ton corn stover produced could be 
reduced to less than $33. This project could be serving as a model to further the infrastructure 
development of corn stover collection to supply a sustainable energy future in Midwest 
region.  Perlack and Turhollow’s research [3] used sensitivity analysis to study the costs for 
collecting, handling, and hauling corn stover. They suggested that stover can be collected, 
stored, and hauled for about $43.10-$51.60/dry (include profit) ton using conventional baling 
equipment. Sheehan et al.[4] study indicated that biofuels can decrease not only the need for 
fossil fuel, but also the  emission. However, one critical analysis is missing from these 
studies and that is what factors would influence farmers to harvest and sell corn stover. This 
study explored farmer interest in providing corn stover as a biorefinerey feedstock 
considering three topical areas: corn stover harvesting and management; corn stover 
marketing; and the possible ecological/environmental impacts of the removal of corn stover.  
2CO
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2.3 Method 
2.3.1 Survey Sampling 
This study is based on the findings of an Iowa crop farmer survey that was performed in 
late 2006 and early 2007. The survey was a mail-out survey that followed Dillman’s [5] 
tailored design method. The sampling and survey completion was facilitated through the 
Center for Survey Statistics and Methodology at Iowa State University. The target population 
for this study consisted of 1500 Iowa crop farmers with a primary SIC code of 0115 (Corn).  
As seen in Figure 2.1, the sample was proportionate among four production regions (Western 
Iowa, North Central Iowa, North Eastern Iowa, and South Central/Eastern Iowa) with similar 
corn grain yields. 
 
Western Iowa 
North Central 
South East 
North East 
Figure 2.1. Iowa regional corn map 
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The survey was designed to elicit farmer opinions about various aspects (e.g., stover 
price, farm information, farm management, and environmental concerns) regarding 
producing and selling corn stover as a feedstock to a yet-to-be-built cellulosic biorefinery.  
The survey consisted of approximately 50 questions. The first mailing was sent to a total 
of 1500 farmers on November 22, 2006. A reminder postcard was sent to 1115 non-
responders on December 5th, and a second complete mailing of the survey was sent to 845 
non-responders on December 15th. A total of 602 completed surveys were received during 
the data collection period, from November 22, 2006 through January 24 of 2007. 
Table 2.1. Number of sampled cases, number of cases by outcome disposition, and  
response rate, by region in Iowa 
 
Western   North Central North East   South East   TOTAL         
Iowa  Iowa      Iowa               Iowa 
 
Completed   132             188         191              91  602 
Survey 
 
Response         46.5%      51%    48.9 %        46% 48.5 % 
Rate 
 
As shown in Table 1, survey response rate was quite uniform across the four Iowa 
regions. A total of 258 respondents were classified as not eligible based on information 
received either by phone or mail.  In addition, 35 respondents were un-locatable. Their 
surveys were returned by the US Post Office and no other address could be located for them.  
However, because their status is unverified, they are still considered to be part of the eligible 
sample. A total of 602 completed surveys were received. Response rates are calculated as a 
ratio of completed surveys to eligible sample. The overall response rate was 48.5%.   
2.3.2 Non-response analysis 
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Non-response error was examined by comparing the mean responses for several key 
variables (e.g., total crop acres, land tenure, number of years farming, and age of respondent) 
for early and late respondents, using an independent samples t-test. There was no significant 
difference in the mean response to any question when early and late respondents were 
compared, therefore results of this survey can be generalized to the entire population [6]. 
2.3.3 Determining factors that influence farmer interest in supplying corn stover  
In this analysis, we selected certain variables to examine farmer interest level regarding 
supplying corn stover. Farmer interest was captured by the dependent variable INSTOVER 
which reflects farmer interest in supplying stover to a hypothetical biorefinery. Table 2.2 
provides detailed information on coding variables including INSTOVER and independent 
variables, such as farm and farmer characteristics, and concerns about harvest, management, 
marketing and environment impacts. 
Downing et al. [7] discussed the environmental considerations, such as soil erosion and 
soil organic carbon associated with using grasses as biofuel feedstock. We include 
environmental concerns in assessing farmer interest in supplying corn stover as a biofuel 
feedstock.  
Kimberly et al. [8] indicated that farmer demographics and farm characteristics 
influenced farmer willingness to grow switchgrass for energy production. In this study, we 
are using similar factors of farmer demographics and farm characteristics, such as age, 
education, and farm total size to assess farmer interest in supplying corn stover.  
 
 
Table 2.2. 
 
Description of dependent and independent variables 
Variables                 Description         Mean   Expected  
                (n=602)          Sign 
 
Dependent variables 
INSTOVER  Interest level on supplying stover for biorefinery   2.55   N/A 
Independent variables 
Farmer characteristic 
EDU   Highest education level completed by farmer  3.10   + 
AGE   Respondent's age         58.17   + 
HARVEST  Knowledgeable level about harvesting and   2.05   + 
                          marketing stover 
Farm Characteristics 
TOTSIZE  Total farm size         710.01   ? 
DISTANCE  Distance between farm and biorefinery plant   2.171   _ 
CASEID  Respondent's farm graphical location    0.53   _         
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Variables                 Description          Mean   Expectation  
                 (n=602)         Sign 
WTA   Willingness to accept price for future stover price   53.19    + 
STORG   Increase the need for clean storage areas    3.86   + 
LCONT   A long term contract         3.35   + 
EQPN   Increase equipment need         3.85   + 
FIN    Commercial loan from bank       2.89   + 
INSUR   A special insurance for corn stover      4.46   ? 
WA    Water quality changes if removing 50% stover from field 2.37   + 
SORG   Soil Organic Carbon change if removing 50% stover    3.87   + 
SEROSION  Soil erosion changes if removing 50% stover from field 1.37   _ 
WILDL               Adjacent wildlife habitat changes if removing 50%   2.09   ? 
Description of dependent and independent variables 
                            stover from field  
Environmental issues 
Marketing Concerns 
Harvest Concerns 
Other variables 
Continued  
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Concerns about specialized harvesting equipment, changes in crop management and 
marketing differences could also affect farmer interest. In a study of  crop producer risk 
management conducted by Coble et al. [9], crop insurance and marketing were found to be 
two important factors in decision-making by agricultural producers.  Similarly, we are using 
farmer harvesting and marketing concerns to examine their interest in supplying corn stover. 
2.3.4 Contingent Valuation Method (CVM)  
The contingent valuation method (CVM) is a popular economic valuation technique for 
assessing pubic or non-market goods.  CVM uses survey questions to elicit people’s 
preferences by asking their willingness-to-pay (WTP) or willingness-to-accept (WTA) in 
dollar amounts [10]. CVM is used widely around the world, both by governmental agencies 
and non-profit organizations to examine the topics including transportation, sanitation, health, 
arts, education and environment [11]. Mitchell and Carson [10] stated that one of advantages 
of CVM is that it is particularly suited to evaluating the benefits of both quasi-private and 
pure public goods. Dale et al. [12] state that CVM can be used to obtain values of private 
goods, goods with both public and private characteristics (such as various kinds of 
infrastructure), and “pure” public goods (such as improvements in water quality). Because 
corn stover could be considered a private good or a good with both public and private 
characteristics (because removing corn stover would affect water quality and wildlife habitat), 
CVM can be used to elicite estimates of the value associated with corn stover removal from a 
farmer’s land. CVM is particularly relevant in this case because a well-developed market 
does not exist for corn stover biomass as a cellulosic biofuel feedstock.   
2.4 Modeling farmer interest   
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2.4.1 Ordinal Probit Model 
According to Bliss [13], a probit model is a specification of a generalized linear model 
and is useful for prediction of the probability of occurrence of an event. Because the probit 
model requires the response that is a series of binomial results, the selection probabilities are 
given by 
                        Pr (Y =1  X = x ) =Φ ( ix iβ )               (1) 
Where Φ(.) is the standard cumulative distribution function [14]. 
Also, a probit model can be derived from an underlying latent variable.  Let Y  be the 
latent variable, farmer interest level (INSTOVER) in supplying corn stover, while β  be 
parameters that are associated with independent variables that influence the dependent 
variable. In this study INSTOVER was categorized by farmers into one of five scores on 
ordinal scale, from “not interested” (Score = 1) to “very interested in supplying corn stover” 
(Score = 5). We use an ordinal probit model [15] to estimate the probability that a farmer is 
interested in supplying corn stover, INSTOVER, given the independent variables.  The 
model is 
∑ += iiii xY εβ                                                           (2) 
where iε  is distributed as N (0, ) and the variable  represents the set of independent 
variables. The ordinal probit technique assumes that there are n+1 threshold real numbers, 
2σ ix
nααα ,...,, 10 , with 0α  equal to -∞  and  nα  equal to +∞.  
The probabilities are given by 
)()()(Pr 1 ikikik xxXkY βαβα −Φ−−Φ== −      (3) 
 
 16 
 
Φ (.) is the standard cumulative distribution function. 
 2.4.2 Descriptive analysis of INSTOVER  
Based on our survey, the Iowa farmer interest in supplying corn stover frequency 
analysis of the variable INSTOVER is shown in Table 2.3 We see that around 46% of 
respondents are “not interested” to “highly not interested” in harvesting and marketing corn 
stover, and only 17% of respondents are somewhat interested to interested in supplying corn 
stover. Nearly 37% of the farmers indicated that they are neutral – neither interested nor 
disinterested in supplying corn stover. Overall, most farmers are neutral to disinterested in 
supplying corn stover at the time of this survey (late 2006 to early 2007). 
Table 2.3.  
Frequency analysis on INSTOVER 
INSTOVER              FREQ  Percent  Cumulative Percent 
1=Highly not \ interested  130 21.89   21.89 
2=Not interested      145       24.41   46.30 
3=Neutral                  217 36.53   82.83 
4=Somewhat interested  67  11.28   94.11 
5=Very interested   35  5.89   100 
Total     n=594     100% 
 
 
2.4.3. Ordinal Probit Analysis for INSTOVER 
Model 1 utilized all independent variables to explain the variation in INSTOVER. Most 
of the variables in model were weakly significant. Only CASEID (geographic location and 
quality of soils to produce corn and corn stover) and WA (concern about water quality) were 
strongly significance at 0.05 level. The variables for the Model 2 were selected for inclusion 
through a backward elimination process based on p=0.30 [17]. Table 2.4 shows the results of 
the two models with variable selections for farmer’s interest level to participate in supplying 
corn stover to a biorefinery.  
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In Model 2, AGE of farmer, WA, CASEID are significant at the 0.10 level or better. 
EDU, HARVEST, EQPN and INSUR are weakly significant at the 0.30 level or better. AGE 
is significant at the 0.1 level. The positive coefficient estimate for AGE could be interpreted 
to mean that younger farmers are more interested in supplying stover than older farmers.  
That is probably because younger farmers are more likely than older farmers to accept the 
challenges of producing, harvesting and marketing a “new crop”, such as corn stover.  
Although EDU and HARVEST (self-identified knowledge of harvesting stover) are weakly 
significant at the 0.20 level or better, they still contribute to the model.  The positive 
coefficient estimated for EDU in Model 2 suggests that more educated farmers are more 
interested in supplying corn stover. Perhaps that is because they are more aware of global 
energy problems and see the potential benefits of cellulosic biofuel production or they simply 
see another economic advantage from harvesting and selling stover.  
Among the variables classified as farm characteristics, CASEID is the only one that is 
strongly significant at a 0.05 level. The negative sign of the coefficient estimate could be 
interpreted as indicating that in areas of the state of higher corn grain yield, the farmers are 
more interested in participating in the stover business. Because the corn stover to corn grain 
yield ratio is about 1 to 1 [2], higher corn grain yields also means higher corn stover yields.  
Farmers could make more profit if they could sell grain and corn stover. In Iowa, the Western 
and North Central crop production regions have on average higher yield of corn stover than 
the North East and South regions. Therefore, farmers in the high corn stover yield regions 
seem to be more interested in selling their corn stover than those who are in the lower corn 
stover yield regions.
18
 
 
 
  
 
Table 2.4.  
Probit estimates for parameter explaining INSTOVER in corn stover as a biorefinery feedstock  
                                                      
Variables                     Model 1                     Model 2    
    Estimated Coefficient      Standard error  Estimated Coefficient      Standard error 
 
Intercept 1   -2.94(0.0017)  0.94    -2.93(<0.0001)  0.72 
Intercept 2   -2.11(0.0231)  0.93    -2.11(0.0030)  0.71 
Intercept 3   -1.09(0.2396)  0.93    -1.09(0.1208)  0.70 
Intercept 4   -0.33(0.7244)  0.93    -0.34(0.6325)  0.70 
Farmer characteristics                      
    EDU     0.06(0.3503)   0.06      0.07(0.2250)  0.06 
    AGE    0.01(0.0109)   0.00     0.01(0.0803)*  0.00 
    HARVEST  -0.08(0.2713)  0.07    -0.08(0.2312)  0.07 
Farm Characteristics 
    TOTSIZE   -0.0001(0.3325) 0.00     
    DISTANCE   0.05(0.5340)  0.09  
CASEID   -0.32(0.049)**  0.16    -0.37(0.0128)**  0.15 
Harvest Concerns 
   EQPN     0.07 (0.4048)  0.08    0.09 (0.2660)  0.08 
   STORG    0.07 (0.4705)  0.10  
Marketing Concerns 
   LCONT   -0.04 (0.6221)         0.08           
   INSUR   -0.07 (0.1615)  0.05    -0.07 (0.1070)  0.04 
   FIN    -0.02 (0.8090)  0.09 
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Although EQPN (requiring increased capital for stover harvest equipment) variable is 
weakly significant at a 0.27 level, it still makes a contribution to the final model. The positive 
coefficient estimate of EQPN suggests that farmers who are interested in supplying corn 
stover strongly agreed with the idea of increasing the capital expenditures for equipment for 
harvesting corn stover. Because corn stover would be a new biomass crop and business 
opportunity, the current corn harvest equipment may not be sufficient for harvesting corn 
stover.   
For the variable INSUR (marketing stover may require a specialized insurance 
instrument to lower risk), the negative coefficient estimate could mean that while insurance is 
important, there is not a requirement for specialized insurance, but that current instruments 
should be sufficient to cover risk.   
At a 0.01 significance level, the variable WA (removal of 50% stover will reduce water 
quality) had a positive estimate. This positive sign indicates that as interest in providing corn 
stover increases expectations that water quality would diminish also increase.  Residue 
removal will take nutrients of the residue from the fields. These nutrients must be replaced by 
adding extra nutrients back to the field, such as synthetic nutrients – usually synthetic 
nutrients are more mobile than organic forms. This, plus increased surface transport is likely 
to lead to greater nutrient transport off fields into local surface water, which could reduce 
water quality.  
2.5 Summary and Suggestions  
Given the preponderance of farmers expressing a neutral (perhaps a wait and see attitude) 
or disinterest in supplying corn stover position, it simply may be too early to estimate with 
any degree of certainty the interest level of Iowa farmers in supplying  corn stover and the 
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amount of corn stover would be available annually. Recall, that except for neutral 
respondents, the survey showed that most farmers (46.3% out of 63.5%) would not be 
interested in supplying corn stover to a biorefinery.  
This paper focuses on determining the interest of Iowa farmers in supplying corn stover 
to a hypothetical cellulosic biorefinery.  An ordinal probit analysis of the level of farmer 
interest in supplying corn stover (INSTOVER) suggested that the most important factors 
influencing INSTOVER are the age of the farmer (AGE), agreement that removing 50% of 
corn stover will decrease water quality (WA), and geographic location and quality of the land 
to grow corn and corn stover (CASEID). To a lesser extent the farmers are apparently 
influenced by the need for capital for harvesting equipment and a specialized insurance 
instrument to lower risk. 
The ordinal probit results revealed that farmer interest in supplying corn stover to a next 
generation cellulosic biorefinery is influenced by a variety of factors and that the price 
received for the stover is not among the most influential variables. The Iowa farmers in this 
survey in 2006-2007 clearly expressed an environmental concern about an expected 
reduction in water quality with 50% stover removal.   
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CHAPTER 3: MODELING FARMER WILLINGNESS TO ACCEPT A PRICE FOR 
CORN STOVER USED AS A BIOFUEL FEEDSTOCK 
A paper to be prepared for submission to Biomass & Bioenergy 
Weiting Lu, John Tyndall, and Joe Colletti 
3.1 Abstract 
The popular and scientific press in recent years has published many articles about corn 
stover and other potential lignocellulosic crops or crop residues being used as a biomass 
feedstock for next generation biorefineries. Most publications have centered on stover 
production, energy conversion and impact on the environment. This paper examines the 
minimum willingness to accept (WTA) a price for corn stover sold in the future into a 
biomass feedstock market. We have studied this question of the price that would cause 
farmers to supply corn stover through a survey based methodology of Iowa farmers. The 
study used the Contingent Valuation Method (CVM) and a mail survey to identify the farmer 
concerns about stover harvest, marketing and environmental influences after corn stover 
removal. CVM was used to design in the survey were questions that elicited WTA and 
willingness to pay (WTP). Because WTA was related to factors such as concerns about 
harvesting, marketing and the environment, the data were analyzed using a tobit model to 
allow prediction of the relationship between WTA and those factors. This paper should help 
policy makers and producers to better understand and predict the supply of corn stover 
biomass for use in biorefineries designed to use lignocellulosic biomass. 
Key words: corn stover, WTA, biofuel, tobit, CVM 
3.2 Introduction 
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Several studies of the bioeconomy in the past several years have focused on the costs of 
producing corn stover feedstock. The research of Sokhansanj et al. [1] focused on stochastic 
modeling and sensitivity analysis of corn stover costs delivered to an intermediate storage 
facility. They found that the cost of a typical operation consisting of harvest, transportation 
(5-miles to the intermediate storage facility) and management is around $27/ton. A study by 
Hettenhaus [2] focused on grower benefits with custom harvest of corn stover. His estimate 
of the profit from selling corn stover is around $44-$75/acre (assuming no-till and does not 
include transportation cost). Perlack and Turhollow [3] used sensitivity analysis to study the 
costs of collecting, handling, and hauling corn stover. They estimated the delivered cost of 
large round bales at between $43.10 and $51.60/dry ton. One critical component is missing 
from these studies: At what market price of corn stover would farmers produce corn stover? 
And what are the most important factors that determine price and cost of production? The 
purpose of this research is to examine the relationship between future market price of corn 
stover feedstock and independent factors. Factors such as farm characteristics (size, location 
in Iowa), farmer characteristic (age, education, income) and farmer concerns of stover 
harvesting, marketing and environment are thought to influence the acceptable pricing 
decision and future supply of stover. 
3.3. Methodology 
3.3.1 Contingent Valuation Method (CVM)  
The contingent valuation method (CVM) is a popular economic valuation technique for 
assessing pubic or non-market goods. CVM uses survey questions to elicit people’s 
preferences by asking willingness-to-pay (WTP) or willingness-to-accept (WTA) in dollar 
amounts [4].  CVM is used widely around the world [4], both by government departments 
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and non-profit organizations to examine topics including transportation, sanitation, health, 
arts, education and environment [5]. Mitchell and Carson [4] in their book “Using Surveys to 
Value Public Goods: The Contingent Valuation Method” explain that CVM is particularly 
suited to evaluating the benefits of both quasi-private and pure public goods. The primary 
difference between quasi-private and pure public goods is the ownership of the property 
rights [6]. For example, public libraries are individual property rights and environmental 
risks are collective property rights. Dale et al. [7] state in their book “The Economic Value of 
Improving the Environmental Quality of Galveston Bay” that CVM can be used to obtain 
values of private goods, goods with both public and private characteristics (such as various 
kinds of infrastructure), and “pure” public goods (such as improvements in water quality).  
Because corn stover can be considered a private good (farmer’s private goods), or a good 
with both public and private characteristics (because removing corn stover will affect water 
quality and aquatic and wildlife habitat off site), CVM can be used to elicit estimates of the 
value associated with corn stover removal from a farmer’s land. CVM is particularly relevant 
in this case because a well-developed market does not exist for corn stover biomass as a 
cellulosic biofuel feedstock.   
3.3.2 Survey Method 
This study is based on the findings of an Iowa crop farmer survey that was performed in 
the fall of 2006. The survey was a mail-out survey which followed the survey protocols of 
Dillman’s [8] tailored design method. The sampling frame and sampling was facilitated 
through the Center for Survey Statistics and Methodology at Iowa State University. Surveys 
were mailed to 1500 Iowa crop farmers with a primary SIC code of 0115 (Corn). As seen in 
Figure 1, the sample was proportionate among four production regions (Western Iowa, North 
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Central Iowa, North Eastern Iowa, and South Central/Eastern Iowa) with similar corn grain 
yields.   
Western Iowa 
North Central 
South East 
North East 
 
Figure 3.3. Iowa regional corn map 
A questionnaire was developed that asked respondents to describe various concerns (e.g., 
stover price needed to be received, farm information, farm management, and environmental 
concerns) regarding stover sold and used as a biorefinery feedstock.  
The survey consisted of approximately 50 questions. The first mailing was sent to a total 
of 1500 farmers on November 22, 2006. A reminder postcard was sent to 1115 non-
responders on December 5, and a second complete mailing of the survey was sent to 845 
non-responders on December 15. A total of 602 completed surveys were received during the 
data collection period, from November 22, 2006 through January 24 of 2007. 
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Table 3.1. Number of sampled cases and response rate, by state 
 
  Western   North Central     North East   South East TOTAL   
    Iowa    Iowa         Iowa              Iowa 
 
Completed   132   188    191     91       602 
Suvey 
 
Response     46.5%  51%   48.9 %   46%      48.5 % 
Rate 
 
As shown in Table 3.1, survey response was quite even across the four Iowa regions.  A 
total of 258 respondents were classified as not eligible based on information received either 
by phone or mail. In addition, 35 respondents were un-locatable. Their surveys were returned 
by the US Post Office and no other address could be located for them. However, because 
their status is unverified, they are still considered to be part of the eligible sample. A total of 
602 completed surveys were received. Response rates are calculated as a ratio of completed 
surveys to eligible samples. The overall response rate is 48.5%. 
3.3.3 Non-Response analysis 
Non-response error was examined by comparing the mean responses for several key 
variables (e.g. total crop acres, land tenure, number of years farming, and age of respondent) 
of early and late respondents, using an independent samples t-test. There was no significant 
difference in the mean response to any question when early and late respondents were 
compared, therefore results of this survey can be generalized to the entire population [9] 
3.3.4 Determining Factors for farmers’ willingness to accept value 
Willingness to accept value is captured by the dependent variable WTA. There are many 
factors that could affect the WTA. First, farm characteristics, such as farm size (TOTSIZE), 
distance to the biorefinery plant (DISTANCE), farm location (CASEID). Secondly, farmer 
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characteristics, such as age (AGE), farmer’s education level (EDU) and farmer’s harvesting 
knowledge of corn stover (HARVESTKNOW). Thirdly, concerns about harvest, marketing 
and the environment include required equipment (EQPN), stover storage (STORG), long 
term contract (LCONT), storage problem (STORG), soil erosion (SEROSION), water quality 
(WA), soil organic carbon (SORG) and wildlife habitat (WILDL). These variables are 
described in detail in Table 3.2.   
3.3.5 Cost estimation for corn stover in the future market 
The future corn stover price (WTA) will mainly be affected by factor such as 
transportation costs, harvesting costs and additional nutrients cost (removing stover will take 
nutrients from fields). According to 2006 Iowa Farm Custom Rate Survey [10], we have 
following calculation for these costs: 
3.4 WTA analysis   
3.4.1 Economic Model  
Based on the Table 3 of corn stover, we used $31.40 per dry ton as the breakeven cost 
whereby farmers would neither lose money nor gain profits when they sell their corn stover.  
This breakeven cost includes the cost for replacing lost nutrients, harvesting, handling, and 
transportation of corn stover. According to the survey results, there are a number of censored 
WTA values that are either under or equal to $31.40. A tobit model is an effective model of 
relationships between independent variables and a dependent variable when the latter is 
censored. The tobit regression model was employed to estimate the relationship between 
independent variables, such as farmer concerns for harvesting and marketing of corn stover, 
and environmental issues.  In other words, the researcher sought to identify those 
  
  
 
Table 3.2. 
Description of dependent and independent variables 
 
Variables                 Description         Mean   Expected  
                (n=602)         Sign 
 
Dependent variables 
WTA   Willingness to accept price for future stover price   53.19    + 
Independent variables 
Farmer characteristic 
EDU   Highest education level completed by farmer  3.10    + 
AGE   Respondent's age         58.17    + 
HARVEST  Knowledgeable level about harvesting and   2.05    + 
                             marketing stover 
Farm Characteristics 
TOTSIZE  Total farm size         710.01    ? 
DISTANCE  Distance between farm and biorefinery plant   2.171    _ 
CASEID  Respondent's farm graphical location    0.53    _         
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Variables                 Description          Mean   Expected  
                 (n=602)         Sign 
INSTOVER  Interest level on supplying stover for biorefinery    2.55   N/A 
STORG   Increase the need for clean storage areas    3.86   + 
LCONT   A long term contract         3.35   + 
EQPN   Increase equipment need         3.85   + 
FIN    Commercial loan from bank       2.89   + 
INSUR   A special insurance for corn stover      4.46   ? 
WA    Water quality changes if removing 50% stover from field 2.37   + 
SORG   Soil Organic Carbon change if removing 50% stover    3.87   + 
SEROSION  Soil erosion changes if removing 50% stover from field 1.37   _ 
WILDL               Adjacent wildlife habitat changes if removing 50%   2.09   ? 
 
 
Continued  
Description of dependent and independent variables 
                            stover from field  
Environmental issues 
Marketing Concerns 
 
 
Harvest Concerns 
Other variables 
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Table 3.3. Cost estimation for corn stover in an assumed market 
Variables                                                              Cost (Per Dry Ton) 
Nutrients Cost  
             P*                  5.90 lbs/dry ton stover            5.9*$0.33/lb=$1.90  
             K*                  25.0 lbs/dry ton stover         25* $0.18/lb=$4.50 
Harvest Cost 
             #Large round bale=1500lbs=0.68 Ton   
             Dry Ton =1.47 Large round bale 
             Cost                                                    1.47*$10.10/bale =$15.00  
Transportation Cost                                                $10.00 
 Total Cost                                                               $31.40                                                     
* From Iowa State University Extension publication PM 1688, A General Guide for Crop 
Nutrient and Limestone Recommendations in Iowa [10]. 
independent variables that influence farmers’ decision regarding WTA. 
 According to Tobin [11], tobit is an economic model to describe the relationship 
between a non-negative variable  and an independent variable .  The formula of the Tobit 
model for the observation can be expressed as 
iy ix
thi
( )2* ,0~, σβ Nuuxy iiii +=  [11]  
ix   is a matrix of independent variables, β  is a parameter, and  is an unobserved latent 
variable. Because some of the values of WTA were censored at 
*
iy
θ  ($31.40) as indicated in 
the survey,  can be defined as iy
),max( *ii yy θ=        (1) 
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There are two distributions with different : iy
1) When ,θ>iy  the distribution is: 
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Φ  Represents the cumulative distribution function and φ  represents the probability 
density function. The expected value of the WTA ( ) price is  iy
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Although the magnitudes of the estimated coefficients from the tobit model cannot be 
interpreted directly, their signs can be. Partial effect analysis can also be done for both 
continuous and discrete variables. To obtain a measure of the effect of the change of a 
discrete variable on the change (i.e., the probability of increase or decrease) of the WTA 
value, all other variables were held at the mean values and the variable of interest was 
changed. The expected value was calculated for the variable of interest using formula (4).  
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3.4.2 Descriptive analysis of WTA 
In response to the minimum willingness to accept (WTA) a stover price that includes 
delivery costs to the biorefinery, Iowa’s farmers (n = 416) indicated that they would need, 
on average, to receive at least $50.47 per dry ton (standard deviation 15.79) in order to 
market their corn stover. The WTA data were further tempered by the percentage of Iowa 
farmers who answered the following question, “Thinking of your whole operation, how 
interested are you in actually marketing corn stover from your fields?” Statewide almost half 
(46%) of the respondents indicated that they are not interested in harvesting and marketing 
their stover. Only 17% indicated that they are “interested” to “very interested” in providing 
their stover (11% and 6% respectively).  Those interested indicated an average acceptable 
price of $50 per dry ton, those very interested in supplying stover specified an average 
minimum price of $46 per dry ton. However, 37% remain neutral (“not sure”) in terms of 
providing stover at an average price of $48 per dry ton. In addition, for around 92.5% of the 
respondents (385 out of 416) their minimum WTA was larger than the censored point value 
($31.40). Table 3.4 below displays regional data on average farm size, minimum willingness 
to accept price for corn stover and interest levels in producing and selling stover. Note that 
none of the regional differences are statistically significant.  
3.4.3 Likelihood Ratio Test for Variables selection and Tobit Analysis 
A likelihood ratio test was used to check whether or not candidate variables contributed 
to WTA. The likelihood ratio (LR) test can measure the significance of the difference 
between model 1(using all the selected variables) and the final model [12].  Table 3.5 shows 
the coefficient estimates and significance levels of model 1 and the final model. 
                     LR = 2*(lnL1-lnL2)                                                             (5) 
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Table 3.4. Iowa regional summary of average farm size in acres, interest in providing corn 
stover, and minimum willingness to accept price for corn stover 
                  
Farmers   Farmers            Average  
     Ave  interested  neutral            Min 
Region in Iowa Acres in providing  in providing         WTA/dry 
                                              stover   stover             ton     
 
Western   742  19%   37%   $49.00 
North Central 728  30%   36%   $49.00 
Northeast  642   8%    43%   $52.00 
Southeast  655  25%   34%   $53.00 
Iowa   710  17%   37%   $50.47 
 
Usually, a model with significance at the 5% (the 5% critical value for a with one 
degree of freedom is 4.85) level or better will indicate a good fit. For example, to determine 
whether or not water quality changes (WA) contributes to the final model: 
2χ
  0:0 =WAH β  
  0:1 ≠WAH β   
The LR is computed as 5.23, which is greater than 4.85, so the null hypothesis,  is 
rejected. Thus, at the 5% level, WA made contributions to the final model.  
0H
As seen from Table 3.6, under the final tobit model, variables such as AGE and WILDL 
are significant at 0.05 level.  Variable such as DISTANCE is significant at a 0.1 level.  
Therefore, AGE, WILDL, and DISTANCE are key variables that influence the value of 
WTA.  In addition, based on the LR test indicated that some variables, such as EDU, 
STORG, LCONT, WA, SEROSION and INSTOVER, also contributed to the final WTA 
model although they do so at higher significance levels. 
AGE is significant at the 0.05 level. The negative coefficient estimate for the variable 
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Table 3.5. Tobit estimates for WTA Analysis 
                                                      
Variables                                 Model 1                    Final Model 
         
Estimates (Significance level) 
 
Intercept      33.97(0.1286)  39.37(<0.0089)*** 
Farmer characteristics                      
    EDU      3.75 (0.3108)  4.85(0.1368) 
    AGE      -0.17 (0.3243)  -0.35 (0.0240)** 
    HARVESTKNOW   3.84 (0.3097)    
Farm Characteristics 
   TOTSIZE     -0.00 (0.5675)     
    DISTANCE    2.52(0.1500)   2.99 (0.0967)*  
    CASEID     -4.07 (0.2310)    
Harvest Concerns 
   EQPN      -0.76 (0.6680) 
   STORG     2.57 (0.2209)  2.88(0.2026) 
 Marketing Concerns 
   LCONT     0.14 (0.9319)               0.78(0.6965) 
   INSUR     -0.22 (0.8218)       
   FIN      0.17(0.9244)    
Environmental issues 
  WA      0.43 (0.3920)   0.48 (0.2938) 
  SEROSION    1.95 (0.6619)  2.31(0.5685) 
  SORG      -3.96 (0.4460)     
  WILDL     13.00(0.0051)*** 7.52(0.0007)*** 
Other variables 
  INSTOVER    -0.24 (0.8678)  0.58(7218)  
McFadden’s Pseudo         0.19   0.16 
2R
Log-likelihood Function       -627.37      
*,**,*** mean significant at 0.10, 0.05, 0.01 level. P values are in parenthesis 
AGE could be interpreted to mean that younger farmers bid relatively lower WTA value than 
older farmers for corn stover in the future market. Relative to older farmers, the younger 
farmers may have more desire and ability to handle the challenges they may meet with 
harvesting and marketing corn stover as well as managing the potential environmental 
problems caused by the removal of corn stover from the fields. 
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Among the farm characteristics, DISTANCE is the only one shown in the final model.  
DISTANCE is significant at a 0.1 level. The positive sign of the estimated coefficient could 
be interpreted to indicate that the farther the distance between the biorefinery plant and the 
farm, the higher the WTA needed by farmers. This makes sense because the greater the 
distance, the higher the transportation cost and to make reasonable profit farmers would need 
a higher market price  
The positive sign of the coefficient estimate for STORG suggests that the stronger the 
needs for increasing clean storage area of corn stover, the higher WTA farmers claimed.  
This result is reasonable because needs for clean storage of corn stover will increase the cost 
of handling corn stover. 
Although LCONT is significant at more than the 50% level, it still made a contribution 
to the final model. The positive estimate of LCONT indicated that a long-term contract could 
have a beneficial effect by ensuring a known market price is received.  Probably because of 
the challenges farmers anticipate facing with this new crop, a stable long-term contract and a 
profitable price would make them comfortable in supplying corn stover. 
Some studies indicated that residue removal will take nutrients of the residue from the 
fields. These nutrients must be replaced by adding extra nutrients back to the field, such as 
synthetic nutrients – usually synthetic nutrients are more mobile than organic forms. This, 
plus possible increased surface transport is likely to lead to greater nutrient transport off 
fields into local surface water, which could reduce water quality. Apparently, there is a trade-
off perceived with this corn stover crop, and farmers realized it. Reflected in this study, all 
but one variable related to concerns for environmental issues contributed to the farmers’ 
decision on the value of WTA. Specifically, the WILDL variable is strongly significant at a 
 
 37 
  
 
0.01 level, and SEROSION and WA made contributions to the final model based on the LR 
test. 
 From the above discussion of the relationship between the value of WTA and those 
variables, the final tobit model of WTA indicates that AGE, WILDL and DISTANCE 
influence future WTA. In addition, WTA values were influenced by EDU, LCONT, STORG, 
WA, SEROSION and INSTOVER.  
3.5 Summary and Suggestions  
The tobit model results reveal that the WTA is determined by several factors, such as 
soil erosion, water quality, age and distance. Among those variables we can see the 
environmental issues, such as WA, SEROSION and WILDL, are important factors in a 
farmer’s choice of an acceptable price at which to supply corn stover feedstock. Certainly, 
the environmental costs caused by removing corn stover from fields will play an important 
role to decide a reasonable price in the future market of corn stover. Therefore, when 
decision makers consider the future corn stover market price, they may pay attention to these 
influences. In order to encourage more farmers to participate in marketing this “new” crop – 
stover, more environmental and technical supports or education will be needed, for example, 
education on methods of decreasing soil erosion after stover removal could enhance the 
supply of stover. Perhaps an environmental subsidy for corn stover should be considered, if 
the soil and water resources are protected and a fossil fuel substitute is produced with closed-
carbon cycling.  
Iowa’s farmers indicated that they would need, on average, to receive at least $50.47 per 
dry ton in order to market their stover. This $50.47 per dry ton price received would probably 
be a good reference for the future corn stover market price. 
. 
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CHAPTER 4: GENERAL CONCLUSION 
In the Chapter 2, an ordinal probit analysis of the level of farmer interest in supplying 
corn stover (INSTOVER) suggested that the most important factors influencing INSTOVER 
are the age of the farmer (AGE), agreement that removing 50% of corn stover will decrease 
water quality (WA), and geographic location and quality of the land to grow corn and corn 
stover (CASEID). To a lesser extent the farmers are apparently influenced by the need for 
capital for harvesting equipment and a specialized insurance instrument to lower risk. In 
addition, the ordinal probit results revealed that farmer interest in supplying corn stover to a 
next generation cellulosic biorefinery is influenced by a variety of factors and that the price 
received for the stover is not among the most influential variables.  The Iowa farmers in this 
survey in 2006-2007 clearly expressed an environmental concern about an expected eduction 
in water quality with 50% stover removal.  
  Regarding the corn stover pricing analysis in the Chapter 3, the model results reveal that 
the WTA is determined by several factors, such as soil erosion, water quality, age and 
distance.  Among those variables we can see the environmental issues, such as WA, 
SEROSION and WILDL, are important factors in a farmer’s choice of an acceptable price at 
which to supply corn stover feedstock. Certainly, the environmental costs caused by 
removing corn stover from fields will play an important role to decide a reasonable price in 
the future market of corn stover. Therefore, when decision makers consider the future corn 
stover market price, they may pay attention to these influences.   
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APPRENDIX A: SURVEY COVER LETTER 
 
November **, 2008 
 
 
 
 
«Individual_Name» 
«Address» 
«City_», «State»  «Zip» 
 
Dear «Individual_Name», 
 
The use of bio-fuels as a supplemental form of energy has become a major issue in Iowa with 
significant agricultural and economic impact.  Researchers at Iowa State University are 
asking for your help in learning about the interest of Iowa farmers in the harvest of corn 
stover.  The goal of this research is to learn from Iowa’s farmers about potential benefits and 
problems as well as to gain an estimate of Iowa’s real potential for corn stover harvest. 
 
You have been selected to represent farmers in your county in this important study.  Within 
the next few weeks a research interviewer will contact you to conduct a short 15 to 20  
minute telephone interview.  Although your participation in this study is voluntary, it is very 
important that your opinions and experiences are included.  The information you provide will 
be kept confidential.  Your answers will be combined with those of others who respond and 
will be reported in summary form only.   
 
If you are not involved in farming and feel you have been contacted in error, please notify us 
by phone toll free (877-578-8848) so we can correct our records and do not continue trying to 
contact you.   If you have any questions about the project, please feel free to contact project 
staff at our toll free number, 877-578-8848.   
 
Thank you very much for your help. 
 
Sincerely, 
 
 
Janice Larson  
Project Manager 
Iowa State University 
«Case_ID» 
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APPRENDIX B: SURVEY INSTRUMENT 
 
 
 
The Use of Corn Stover as a Bio-Fuel in Iowa  
 
Iowa State University 
November 2006 
 
We are interested in the opinions of Iowa farmers regarding the potential harvest and sale of  
corn stover (stem residue) to Iowa bio-refineries for use as a bio-fuel.  For each question that follows, 
please circle the number that best represents your opinions and experiences. 
 
Farm Characteristics. 
First we have a few questions about you and your farming operation. 
1. Did you farm in 2006? 
1 = Yes 
2 = No  →  [IF YOU DO NOT FARM, PLEASE STOP HERE AND RETURN THE 
SURVEY 
 IN THE POSTAGE-PAID ENVELOPE PROVIDED.  THANK YOU.] 
 
2. How many years have you been farming? 
1 = Less than 10 years 
2 = 10 up to 20 years 
3 = 20 or more years 
 
3. Do you plan to continue farming for at least the next 10 years? 
1 = Yes 
2 = No 
3 = Undecided 
 
4. During the past two years (2005 & 2006), did you farm full-time or part-time?   
1 = Full-time 
2 = Part-time 
 
5. What Iowa county(s) is your farmland located in?  ______________________________________ 
 
6.  Please record the following information about the size of your farm: 
 
Acres 
 
Acres 
 
Acres 
 
Acres 
d. Number of acres you leased or rented to other people in 2006. 
a. Number of acres you farmed in 2006. 
b. Number of tillable acres you owned in 2006. 
c. Number of acres you rented to farm in 2006. 
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7. In 2006, approximately how many acres did you have in the following crop rotations? 
 
 
Acres 
 
Acres 
 
Acres 
 
Acres 
 
Acres 
 
Acres 
a. Corn/Soybean rotation 
b. Continuous corn rotation 
c. Continuous soybean rotation 
d. Pasture 
e. Other crop: _____________________ 
f. Other crop:_____________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. What type of tillage do you typically use on corn ground? 
1 = Conventional tillage 
2 = Reduce tillage 
3 = No till 
4 = Other:  _____________________________________________ 
 
 
9. What percent of residue do you typically leave in the field? 
1 = leave 30% of residue  
2 = leave 50% of residue  
3 = leave 70% of residue  
4 = Other:  _____________________________________________ 
 
 
10. How knowledgeable are you about the harvesting and marketing of corn stover (stem residue)?   
 
Not at all  
knowledgeable  
Very 
knowledgeable 
1 2 3 4 5 
 
 
11. In 2006, did you harvest and sell any corn stover? 
1 = Yes 
2 = No 
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12. Do you currently raise the following types of livestock?  If yes, please record  
the number of head raised in the past year.  
 
Raising in 2006?
Type of livestock Yes No Number of head 
a. Dairy Cattle 1 2  
b. Beef Cattle 1  2  
c. Hogs 1 2   
d. Poultry 1 2   
e. Other livestock: ____________ 
___________________________ 
1 2  
 
 
 
 
The Corn Stover Harvesting Process.  
The following statements relate to the process of harvesting corn stover.  Please circle the number of 
the response that best represents your level of agreement with each statement. 
 
Harvesting corn stover from 
fields will . . .  Strongly 
Disagree Disagree Neutral Agree 
Strongly 
Agree 
Don’t 
Know 
13. increase equipment needs. 1 2 3 4 5 9 
14. increase the need for custom baling. 1 2 3 4 5 9 
15. increase the need for joint ownership of 
balers. 1 2 3 4 5 9 
16. increase the need for specialized 
management to ensure the quality  
of stover. 
1 2 3 4 5 9 
17. increase the need for clean storage 
areas. 1 2 3 4 5 9 
 
 
18.  What other issues related to the process of harvesting corn stover need to be considered? 
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The Corn Stover Marketing Process. 
The following statements relate to the process of marketing corn stover to bio-refineries.   
Please circle the number of the response that best represents your level of agreement  
with each statement. 
 
Selling corn stover to bio-refineries 
would require . . .  Strongly 
Disagree Disagree Neutral Agree 
Strongly 
Agree 
Don’t 
Know 
19. a long term contract (3-5 years)  
with the bio-refinery. 1 2 3 4 5 9 
20. a short term contract (1-2 years) with 
the bio-refinery. 1 2 3 4 5 9 
21. government subsidies. 1 2 3 4 5 9 
22. special insurance to lower the risk. 1 2 3 4 5 9 
23. bank financing. 1 2 3 4 5 9 
24. using a co-op to handle delivery 
arrangements. 1 2 3 4 5 9 
 
 
 
25.  What other issues related to selling corn stover to bio-refineries need to be considered? 
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26.  If you sold corn stover to a bio-refinery, how interested would you be in being paid  
in shares in the processing plant rather than in cash? 
1 = Not interested in being paid in shares 
2 = Possibly interested in shares 
3 = Don’t know, Unsure 
4 = Somewhat interested in shares 
5 = Very interested in being paid in shares 
 
 
Cost and Benefit of Stover Removal. 
 
Farmers can harvest as much corn stover from their fields as they choose and sell the harvested stover 
to a nearby bio-refinery/ethanol plant.   
 
The cost per ton of harvesting and marketing stover is estimated at $31.40 per dry ton.   
This cost includes harvesting, baling, transportation to a bio-refinery plant, and the replacement  
of lost nutrients in the soil.   
 
 
27. If you supplied corn stover to a bio-refinery, would you prefer to harvest 50% or 70% of the corn 
stover in your fields? 
1 = Prefer 50% stover removal  (producing 3 dry tons/acre) 
2 = Prefer 70% stover removal  (producing 4 dry tons/acre) 
3 = Other: __________________________________________________ 
 
 
 
28.  Thinking of the percent of stover removal you prefer as well as the cost shown above, what is the 
minimum price per ton that you would need to be paid to market your stover to a bio-refinery?    
 
Need to get at least $ _____________ per dry ton  
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Corn Stover and Environmental Issues. 
 
We would like to know your opinion about various environmental issues associated with corn  
stover harvesting.  Environmental impact can vary, depending on how much stover is removed.   
 
The tables below ask first about the removal of 50% of the stover and then 70% of the stover.  Please 
assume that the corn stover is removed from a field that rotates between corn and  
soybean production.  Circle the number of the response that best reflects your opinion. 
 
 
If 50% of the corn stover is removed: 
 Increase 
Stay the 
same Decrease 
Don’t 
Know 
29. Soil erosion will . . .  1 2 3 9 
30. Loss of nutrients (P, N, K) will . . .  1 2 3 9 
31. Soil organic carbon will . . .  1 2 3 9 
32. Water quality will . . .  1 2 3 9 
33. In-field soil moisture will . . .  1 2 3 9 
34. In-field wildlife habitat will . . .  1 2 3 9 
35. Adjacent land wildlife habitat will . . .  1 2 3 9 
36. Other: 
 
1 2 3 9 
 
 
 
 
If 70% of the corn stover is removed: 
 Increase 
Stay the 
same Decrease 
Don’t 
Know 
37. Soil erosion will . . .  1 2 3 9 
38. Loss of nutrients (P, N, K) will . . .  1 2 3 9 
39. Soil organic carbon will . . .  1 2 3 9 
40. Water quality will . . .  1 2 3 9 
41. In-field soil moisture will . . .  1 2 3 9 
42. In-field wildlife habitat will . . .  1 2 3 9 
43. Adjacent land wildlife habitat will . . .  1 2 3 9 
44. Other: 
 
1 2 3 9 
 
Research has shown a variety of likely environmental effects of corn stover removal.   
The table below compares the effect of stover removal on an individual farm and in the  
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surrounding watershed area for three different aspects of environmental quality –   
water, plant/animal life, and carbon levels in soil.  
 
 
Surface & Groundwater 
Quality 
Diversity of  
Plant & Animal Life 
Soil Carbon  
Level 
 
Level of 
stover 
removal On Farm In Watershed On Farm 
In 
Watershed On Farm 
In 
Watershed 
0% No change No change No change No change No change No change 
50% Small decrease 
Medium 
decrease 
Medium 
decrease 
Medium 
decrease 
Small 
decrease 
Medium 
decrease 
70% Small decrease Large decrease 
Large 
decrease 
Medium 
decrease 
Medium 
decrease Large decrease 
 
 
 
45. Think of the potential environmental impact shown above as well as production and cost 
estimates described earlier.  If you supplied corn stover to a bio-refinery, would you prefer  
to harvest 50% or 70% of the corn stover in your fields? 
 
1 = Prefer 50% stover removal  
2 = Prefer 70% stover removal  
3 = Other: __________________________________________________ 
 
 
 
46. Think of the percent of stover removal you prefer as well as the estimated cost ($31.40 / dry ton) 
and the environmental impact.  What is the minimum price per ton that you would need to be 
paid to market your stover to a bio-refinery?    
 
Need to get at least $ _____________ per dry ton  
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Your Background 
 
47.  What is your current age?  _________ 
 
48.  Are you male or female? 
1 = Male 
2 = Female 
 
49. What is the highest grade or level of education that you have completed? 
1 = Eleventh grade or less  
2 = High School (includes GED)  
3 = Vocational or technical diploma/certificate   
4 = Some college but no Bachelor’s Degree 
5 = B.A., B.S., or equivalent  
6 = Graduate Degree, Master’s, Ph.D., M.D., etc. 
 
50. Roughly how far from your main farm area is the nearest ethanol plant?  
1 = 0 -15 miles 
2 = 16 -30 miles 
3 = 31 -50 miles 
4 = Over 50 miles 
5 = Not sure 
 
51. Thinking of your whole operation, how interested are you in actually marketing  
corn stover from your fields? 
Not at all  
interested  
Very 
interested 
1 2 3 4 5 
 
52.  Do you have any other comments related to supplying corn stover for a bio-refinery? 
 
 
 
 
Thank you very much! 
Please return your completed survey to Iowa State University in the postage-paid envelope provided. 
 
 
 
